he aim of this study was to improve the tolerability of Codiaeum variegatum plants to transport and postharvest handling by using chitosan. It was conducted at Antoniades Research Branch, during the seasons of 2017 and 2018. Three concentrations of chitosan (0.0 ,500 and 750 ppm) were used as a foliar spray on the plants, then packing in carton box and stored at 15.5 ° C and 73%RH for different periods (0-time, 5, 10, 15 and 20 days).The results cleared that the foliar spray of chitosan at 500 ppm recorded the highest decrease in water loss rate (WLR), relative water loss (RWL), intensity of transpiration, leaves drop percentage (LDP) , proline and reducing sugars content. Also this treatment gave the highest chlorophyll a and b content. However RWL, LDP and proline content were increased by increasing the storage period. The lowest intensity of transpiration was recorded after the 10 th day of storage. Also chlorophyll a and b were decreased by increasing storage period. Key wards: Chitosan -Codiaeum variegatumcroton -storage periods Codiaeum variegatum L. (croton) belongs to the Family Euphorbiaceae. It is a popular plant. It has tough, leathery leaves with many colors, largely yellows and green modified or veined with rosy, or orange. Their shapes vary enormously from long and pointed to short and broad, from slender, way-edged ribbons and deeply lobed and fiddle -shaped. The plant forms small, sturdy shrub, often with a bare lower stem (Jane and Graham 1997).
INTRODUCTION
modify the internal atmosphere and decrease the transpiration loses of the leaves (El Ghaouth, et al., 1991; Olivas and Barbosa-Ca´novas, 2005) . Also, chitosan has been found to exhibit potent antimicrobial activity (Ramírez et al., 2010) .
The aim of this study was to improve the tolerability of Codiaeum variegatum plants to transport and postharvest handling by using chitosan.
MATERIALS AND METHODS
The experiment was carried out during the two successive seasons of 2017 and 2018 at Antoniades Research Branch, Horticulture Research Institute, A.R.C. Alexandria.
Two years of croton (Codiaeum variegatum L var. "Gold Star") rooted cuttings were planted in 16 cm diameter plastic pots using peatmoss media.
The plants were homogenized. The trial began on January 28 th , 2017, in the first season and January 19 th , 2018, in the second season. Three chitosan concentrations (0.0, 500 or 750 ppm) were prepared and sprayed on the leaves of plants by using a hand-sprayer until the leaves were wet to run off. Twenty four hours prior to storage, the plants were watered well and left to drain excess the water. After that, The plants were packed in cardboard boxes and stored at average temperature of 15.5 o C and relative humidity 73% for five storage periods (0-time, 5, 10, 15 or 20 days)
The following data were recorded:
1) Water loss rate (WLR) %
The WLR was measured according to the formula below WLR = ( ) × Where (Wt) is the weight of the pot (g),(Wt+5) is the weight of the same pot (g) after five days of storage .
2) Relative water loss (RWL) %
The RWL was measured according to the formula below
RWL = ×
Where WI is the initial pot weight (g) and (WS) is the weight of the pot (g) after the storage period.
3) The intensity of transpiration (mg cm −2 min −1 )
It was determined according to the method of Nguyen et al.( 2011) . Three leaves of three plants of each plot were collected and kept in the plant's conditions.
After 30, 60, 90, 120 min, the leaves were weighed to measure the loss of their weight.
The intensity of transpiration was determined as follows:
Where I: is an intensity of transpiration (unit: mg cm −2 min −1 ); S: is the leaf area (cm 2 ); W0: the weight of the leaves after cutting; Wt: the weight of the leaves after t min in the plant's condition.
The average of the intensity of transpiration was determined by calculating the mean of four times and analyzed.
4) Leaves drop percentage ( LDP) %
It was determined at the end of the storage period according to the following formula LDP (%) = ×
5) Chemical analysis:
Chlorophyll a and b content (mg/100 g fresh weight) was determined in leaves according to Moran, (1982) and carotene ( mg /100 g fresh weight) acrc0rding to Wellburn (1994) . Proline content (µg/g dray weight) was determined according to Bates et al. (1973) and reducing sugars content ( mg/g dray weight ) was determined according to Miller (1959) .
Statistical Analysis
The experimental layout was designed to provide a complete randomized block design in a factorial experiment, which contained three replicates, each replicate contained fifteen treatments (three treatment for chitosan X five treatments for storage period). Three pots were used as an experimental unit for each treatment in each replicate. The means of the individual factors and their interactions were compared by L.S.D. at 5% level of probability according to Snedecor and Cochran , (1989) . Moreover, there was no significant difference in the WLR for the interaction between chitosan treatment and storage period in both seasons. Table ( 2) and Fig. (2) cleared that highest significant decrease in RWL was recorded after application of chitosan at 500 ppm ( 4.77 and 5.23 %) in the first and second season respectively compared with the other treatments. RWL is increased by increasing storage periods. Moreover, there was an insignificant difference in the interaction between chitosan as foliar spray and storage periods.
RESULTS

Water loss rate (WLR) %
Data presented in
Relative water loss ( RWL) %
The intensity of transpiration ( mg cm −2 min −1 )
Table (2) showed that the highest significant value of the intensity of transpiration (0.015 and 0.014 mg cm −2 min −1 ) was obtained by the untreated plants in the first and second seasons, respectively. This value decreased after foliar spray of chitosan and the lowest value of an intensity of transpiration (0.011 mg cm −2 min −1 ) was obtained after foliar spray of chitosan at 500 ppm in both seasons. Also, Table (2) cleared that the lowest transpiration rate (0.010 mg cm −2 min −1 ) was obtained after 10 days of storage in both seasons. Moreover, there was insignificant difference in the interaction between chitosan as a foliar spray and storage period in both seasons. 
Leaves drop percentage (LDP ) %
Data presented in Table ( 2) showed that croton plants can be stored untill 20 days with a foliar spray of chitosan at 500 ppm without significant effect on LDP compared with control plants Also, Table ( 2) showed that the least LDP (0.61 and 0.73 %) in the first and second seasons, respectively was obtained by the treatment of chitosan at 500 ppm.
LDP was increased by increasing the storage period in both seasons.
Chemical analysis
Chlorophyll a (mg/100 g fresh weight)
Data presented in Table ( 3) cleared that the highest value of chlorophyll a (104.33 and 112.08 mg/100 g fresh weight) in the first and second seasons, respectively was obtained by foliar spray of chitosan at 500 ppm. Also, Table( 3) cleared that the value of chlorophyll a decreased by increasing the storage periods. There was insignificant difference for the interaction between storage periods and foliar spray of chitosan in both seasons.
Chlorophyll b (mg/100 g fresh weight)
Table (3) showed that there was a significantly increased of Chlorophyll b after foliar spray of chitosan at 500 or 750 ppm with the same level of significance in both seasons. Also, the value of chlorophyll b decreased by increasing the storage period and there was an insignificant difference for the interaction between storage periods and chitosan treatments in both seasons.
Carotenoids ( mg/100 g fresh weight)
Data presented in Table ( 3) indicated that, there was no significant, difference in carotenoids amount between using 10 or 15 days storage compared with the control treatment in both seasons. However there was insignificant difference between treatments of chitosan and the interaction between chitosan and storage period treatments.
Proline (µg/g dray weight)
Data presented in Table (4) showed that using chitosan led to a significant decrease in proline. The lowest decrease was obtained by foliar spray of chitosan at 500 ppm (160.45 and 131.93 µg/g) in the first and second seasons, respectively . Also Fig. 3 . Effect of the interaction between chitosan and storage period on the intensity of transpiration of Codiaeum variegatum during the two seasons ( 2017-2018) inducing stomatal closure and reducing transpiration rates in plants (Bittelli et al ., 2001) or that chitosan coating acts as a semi-permeable barrier against oxygen, carbon dioxide and moisture, thereby reducing respiration and water loss ( Velickova et al., 2013) .
Reducing sugar ( mg/g dray weight )
The increase in chlorophyll content after foliar spray of chitosan may be due to the fact that the application of chitosan is able to restrain the activity of chlorophyllsse enzyme in degrading chlorophyll. (Anggarwulan et al., 2015) . The decrease of leaves proline content after application of chitosan may be due to the decrease in intensity of transpiration and water loss rate (WLR) which resulted in a decrease in plant stress.
The decrease in reducing sugar after foliar spray of chitosan at 500 ppm cleared that chitosan inhibited the plant metabolism and gave extended storage life.
For the effect of storage periods the increase of leaves drop after 20 days of storage may be due to ethylene, the lack of light intensity or water stress (Starman et al., 2007) The decrease of chlorophyll content by increasing storage period may be due to darkness during storage as light is necessary for chlorophyll biosynthesis and reduce a loss of color (Ferrante et al., 2015) By increasing the storage period the plants are exposed to stress conditions like lack of light and water stress which resulted in increment of reducing sugars.
In 
